The ability to measure cellular metabolism and understand mitochondrial dysfunction, has enabled scientists worldwide to advance their research in understanding the role of mitochondrial function in obesity, diabetes, aging, cancer, cardiovascular function and safety toxicity.
Cells Injection
The cells are metabolically perturbed by three additions of different compounds (in succession) that shift the bioenergetic profile of the cell. One group will serve as the control, with running media added as control "compounds".
1. The first injection is oligomycin. Oligomycin inhibits ATP synthesis by blocking the proton channel of the F o portion ATP synthase (Complex V). In mitochondrial research, it is used to prevent state 3 (phosphorylating) respiration. With cells, it can be used to distinguish the percentage of O2 consumption devoted to ATP synthesis and the percentage of O2 consumption needed to overcome the natural proton leak across the inner mitochondrial membrane. 2. The second injection is FCCP. FCCP (Carbonyl cyanide-p-trifluoromethoxyphenylhydrazone) is an ionophore that is a mobile ion carrier. It is an uncoupling agent because it disrupts ATP synthesis by transporting hydrogen ions across the mitochondrial membrane instead of the proton channel of ATP synthase (Complex V). This collapse of the mitochondrial membrane potential leads to a rapid consumption of energy and oxygen without the generation of ATP. In this case, both OCR and ECAR will increase, OCR due to uncoupling, and ECAR as the cells attempt to maintain their energy balance by using glycolysis to generate ATP.
FCCP treatment can be used to calculate the "spare" respiratory capacity of cells that is defined as the quantitative difference between maximal uncontrolled OCR and the initial basal OCR. It has been proposed that the maintenance of some spare respiratory capacity even under conditions of maximal physiological or pathophysiological stimulus is a major factor defining the vitality and/or survival of cells. The ability of cells to respond to stress under conditions of increased energy demand is in a large part influenced by the bioenergetic capacity of mitochondria. This bioenergetic capacity is deter-mined by several factors, including the ability of the cell to deliver substrate to mitochondria and the functional capacity of enzymes involved in electron transport 3. In the third injection, rotenone, a Complex I inhibitor, is added to the cells. This will shut down mitochondrial respiration and enable both the mitochondrial and non-mitochondrial fractions contributing to respiration to be calculated. One will observe a decrease in OCR due to impaired mitochondrial function, with a concomitant increase in ECAR as the cell shifts to a more glycolytic state in order to maintain its energy balance Rotenone is a mitochondrial inhibitor that prevents the transfer of electrons from the Fe-S center in Complex I to ubiquinone (Coenzyme Q). This inhibition of Complex I prevents the potential energy in NADH from being converted to usable energy in the form of ATP. 
Compound Preparation

Discussion
This assay is derived from the classic experiment to probe mitochondrial function and serves as a framework with which to build more complex experiments aimed at understanding various changes in cell metabolism, mitochondrial function, and overall bioenergetics.
All compounds used in this experiment should be optimized for the concentration that provides the maximal effect. That is, one must perform separate titration experiments to ascertain these values. This is especially important with FCCP, as the titration curve tends to be quite sharp, and too much FCCP can actually diminish responses in OCR. Typical ranges (final concentrations) to test would be: Note that the responses to each compound above (especially FCCP) will be influenced by the assay media composition (base type, [glucose], [pyruvate], presence/absence of BSA, etc). Further, if the XF assay media composition is changed, optimization will need to be re-performed. The presence and concentration of pyruvate is especially important in obtaining the maximal respiratory capacity due to FCCP. Seahorse Bioscience has observed in a number of cells lines that omission of pyruvate abrogates the ability of cells to respond maximally (above baseline) to FCCP. Typically, concentrations of 1-10 mM pyruvate should be tested to understand the optimal concentration of pyruvate to obtain maximal respiration. Note that [pyruvate] AND [glucose] may need to be "cross-titrated" to obtain the optimal media conditions for the experiment. Here we observed the expected responses in OCR and ECAR as the cells are treated with each successive compound. For oligomycin, OCR decreases as a result of blocking ATP synthesis at mitochondrial Complex V. Since the cells are unable to synthesize ATP via OXPHOS, they revert to glycolysis to meet their demand for ATP, thus we observe an increase in ECAR. As shown previously, FCCP acts as an uncoupling agent. Since the cells must now overcome the proton leak across the inner mitochondrial membrane, OCR increases significantly as more O2 is consumed to pump the excess protons back across the mitochondrial membrane. Finally, rotenone inhibits mitochondrial Complex I and Complex III, respectively, which causes the flow of electrons to cease in the electron transport chain, and thus the consumption of O2 is drastically reduced.
Figure 4. Respiration parameters
Beyond the expected changes in respiration and ECAR, a number of respiratory parameters may be obtained from this data. This is summarized in the figure above:
Here we see that we may obtain information about the basal respiration of the cells, the percent of O2 consumption devoted to ATP production as well as the amount devoted to maintaining the proton gradient (due to H+ leak). Further, we may obtain the maximal respiratory rate under conditions of uncoupled respiration (sometimes referred to as spare respiratory capacity) and finally, we can determine the amount of O2 consumption not due to mitochondrial processes.
A rapidly growing number of studies are employing this mitochondrial profile to assess cellular bioenergetics, identify mitochondrial dysfunction and to predict the ability of cells to respond to stress and/or insults. For more information and details about this experimental method and the idea of spare respiratory capacity, please see refer to the following publications
